ABSTRACT
INTRODUCTION
The objective of this paper is to examine fluxes used in different industries with a view to identifying any features which (i) are common to all fluxes and (ii) are individual to specific applications.
We start with dictionary definitions of a flux /1 /: (i) in Chemistry, "a substance promoting the melting of another substance to which it is added,"
(ii) in Materials, "a substance used in soldering, welding and brazing to remove oxides from the surfaces to be joined," and (iii) in Metallurgy, "in liquid metal processing, a nonmetallic material used to protect the metal and remove impurities."
A quick examination of the functions of fluxes used in a specific process (such as welding) will quickly indicate that properties such as 'promoting arc stability'
are not covered by the above definitions.
Consequently, in this review we have examined the following types of fluxes:
-soldering and brazing, -welding, -electroslag refining,
-formation of master aluminium alloys containing TiB 2 , and -mould and ingot fluxes for the casting of steel.
We have examined the above fluxes in terms of:
(i) the functions that the flux must perform in each application, (i) the physical properties which are important in carrying out these functions, and
(ii) typical compositions of the various fluxes used.
must flow easily over the surfaces. These characteristics will be promoted by low surface tensions and low contact angle (solder on base metal) for the solder or braze. The fluxes are added to facilitate this process and must carry out the following tasks 121:
(i) remove any oxide films (usually Cu 2 0 or SnO) present on the workpiece surfaces and protect these surfaces from any further oxidation,
(ii) any remaining left-over fiux or reaction products must be easily displaced from the metal, and (iii) promote the heat transfer from heat source to the joint.
The efficiency of the flux is controlled by its ability to promote melting and is associated closely with the reactivity of the flux. However, if the flux is reactive, it can cause corrosion of the joint in time. This is a major issue, especially in the case of soldering electronic components 111. In some processes the fluxes are removed by washing after soldering.
Fluxes for soft soldering tend to be of two types:
(i) those soluble in organic fluids, and
(ii) those soluble in water.
In some cases activators are added to the flux to enhance the reactivity of the fluxes. Activated fluxes nearly always contain halides.
(i) Fluxes soluble in organic liquids
These are mostly based on colophony (rosin) which is a natural product derived from pine sap. The principle component of colophony is abietic acid. Colophony has a melting point (mp) of 172°C and is soluble in acetone and alcohol. It tends to have low reactivity and activators containing halides are usually added.
(
ii) Fluxes soluble in water
These fluxes are frequently based on ZnCl 2 (mp283°C) or NH 4 CI or on mixtures of the two components.
There is little fluxing action in the absence of moisture.
fluxes used must be capable of operating within temperature ranges of 600 -800° C and 750 -1150°C
respectively. The flux must be liquid and should not decompose at the operating temperature.
Fluxes used in hard soldering contain low melting compounds such as B 2 0 3 NaF, KF, KHF 2 borofluorides, borates, etc.
Brazing
Brazing is carried out on a variety of metals: Al, Mg, Ti steels and Cu/Al alloys using a variety of filler metals, each of which requires an appropriate flux. A variety of compounds are used in these fluxes (e.g. LiCl,
LiF, NaF, and KF. KHF 2 , ZnCl 2 , KBF 4 , B 2 0 3 etc).
Brazing is very similar to hard soldering and the requirements of the flux are identical to those for hard soldering.
Discussion of Joining Fluxes
The temperatures used for soft and hard soldering 
Hard Soldering
The principles of this process are identical to those in soft soldering but the temperatures involved are higher. In hard soldering the filler metals tend to be silver or copper to which elements such as zinc, tin etc.
are added to reduce the melting point. Consequently, the
WELDING FLUXES
In welding the metal pieces being joined are melted 
Manual Metal Arc [MMA] Welding
The core wire consists of a metallic electrode 
Submerged Arc Welding (SAW)
In this (ii) Gas-shielded flux-cored wires, which are protected by C02 or C02/Ar, gas atmospheres.
These fluxes are based on Si02 -Ti02, CaO or CaF2 -Si02, CaO-CaF2 -Si02-Ti02, all with additions of deoxidants such as Fe-Mn.
Electro-Slag Welding (ESW)
The electroslag welding ( 
ELECTROSLAG REFINING (ESR) FLUXES
The electroslag refining process is used for refining will not penetrate into the pool but will roll along the surface /11/, thereby facilitating the removal of inclusions into the molten flux.
The transport of inclusions from the metal to the liquid flux is also dependent upon y ms . Kozakevitch and Olette 191 showed that removal was favoured if:
where the subscript i refers to the inclusion. They showed that the process was nearly always favoured.
However, for a refined metal in the metal pool the S and Ο levels will be low and consequently the surface tension of the metal will be high. The interfacial tension, Y ms is given by Equation 4 where φ is an interaction coefficient.
Yms = Ym + Ys " Φ (2YmYs)°

(3)
The y m term is typically 5 times that of y s so a high 
FLUXES USED IN PRODUCTION OF ALUMINIUM-MASTER ALLOYS
MOULD AND INGOT FLUXES
Ingot Fluxes
The traditional method of casting steel was in the form of ingots and ingot fluxes were used to prevent the steel from oxidisation and provide some lubrication.
Since the flux must provide a reducing atmosphere for the entire casting period they tended to have high carbon contents and tended to be based on fly ash with other oxides added to lower the melting point. However, ingot-casting has been largely superseded by the continuous casting of steel. 
Mould fluxes for the continuous casting of steel
Powder consumption
Powder consumption is a measure of the slag infiltration into the mould / strand channel and liquid lubrication supplied to the shell since the frictional forces are related (Equation 6 ) to the reciprocal of the liquid slag film thickness (d|).
where v c and v," are the casting speed and the mould velocity and η is the viscosity. Thus the frictional forces increase with increasing viscosity and decreasing slag film thickness (or powder consumption).
Originally it was used only as a measure of the cost 
Horizontal heat transfer
Longitudinal cracking of the surface and the sub- 
Slag entrapment
Slag-and gas-entrapment are also major sources of defects in continuously-cast steels. It has been shown that they are mainly caused by the casting conditions which promote turbulence in the liquid metal /19,20/.
The mould flux does play some part and the problem can be alleviated by increasing either interfacial tension (Yms) or the viscosity of the flux; in practice, the latter approach is usually adopted but this can lead to a low powder consumption.
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Fluxes -Is There A Panoramic View? 2) All fluxes have melting points lower than that of the metal and the slag formed is expected to both protect the metal from oxidation and absorb inclusions from the metal.
3) The individual functions and features specific to one type of flux tend to be very important, such as arc stability in welding or powder consumption in continuous casting.
4) The high surface activity of the halides may be a reason for their widespread use in fluxes.
